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PENCIRIAN KUALITI BAHAN-SEAKAN-SURIMI DARI DAGING ITIK 
MENGGUNAKAN KAEDAH KETERLARUTAN ASID DAN ALKALI 
ABSTRAK 
 
Kekurangan bahan mentah surimi mendorong pembangunan bahan  mentah  
baru daripada spesies lain, yang dikenali sebagai bahan-seakan-surimi (BSS). Itik 
telur yang tidak lagi bertelur (pencen) merupakan satu daripada bahan mentah yang 
berpotensi menghasilkan BSS. Para penyelidik telah membangunkan teknologi untuk 
memperoleh  isolat protein daripada daging itik  dengan melarutkan protein otot 
sama ada dalam keadaan berasid atau beralkali. Objektif projek ini adalah untuk 
mengkaji ciri-ciri kualiti daging itik sebagai bahan mentah BSS. 
Protein itik yang diperoleh melalui penggunaan pelarut asid (ACS) dan 
pelarut alkali (ALS) secara signifikan mempunyai kandungan protein yang lebih 
tinggi dan kandungan lemak yang lebih rendah (P < 0.05) daripada daging itik yang 
tidak dirawat dan BSS daging itik konvensional (CON). Proses ACS menghasilkan 
perolehan protein tertinggi (P < 0.05). Sementera itu, proses ALS menghasilkan 
pengurangan lipid yang tertinggi (P < 0.05). CON memiliki kekuatan gel, protein 
boleh ekstrak garam (SEP), dan keupayaan memegang air (WHC), akiviti Ca2+-
ATPase dan atribut analisis profil tekstur (TPA) paling tinggi (P < 0.05). Gel ACS 
dan ALS secara signifikan mempunyai  nilai keputihan yang lebih tinggi (P < 0.05) 
daripada daging itik yang tidak dirawat dan CON. ACS dan CON secara signifikan 
mengeluarkan mioglobin yang lebih tinggi (P < 0.05) daripada ALS dan daging itik 
tidak dirawat. Daging itik yang tidak dirawat mempunyai total kandungan kumpulan 
sulfhidril (SH) tertinggi. Sebaliknya, ACS dan ALS secara signifikan mempunyai 
kandungan asid amino yang tidak boleh dispens (IAA) tertinggi (P < 0.05) dalam 
xiv 
 
kalangan semua sampel.  Analisis Elektroforesis Gel Natrium Dodesil Sulfat - 
Poliakrilamida  (SDS PAGE) menunjukkan bahawa CON mempunyai kandungan 
myosin rantai berat (MHC) terbanyak.  Komposisi asid lemak tepu (SFA) CON 
secara signifikan lebih tinggi (P < 0.05) daripada ACS atau ALS. Hasil ini berbeza 
dengan komposisi asid lemak politaktepu (PUFA). Sementara itu, ACS secara 
signifikan memiliki kandungan Fe, Na, Ca and Mg lebih tinggi (P < 0.05) daripada 
ALS. 
Perubahan sifat fizikokimia dan sensori daripada bebola itik yang 
mengandungi BSS itik selama penyimpanan beku diamati. Nilai TBARS bagi sampel 
ACM dan ALM meningkat dengan peningkatan masa simpanan sehingga 8 minggu 
(P < 0.05). Sementara itu, sampel DMM dan COM meningkat sehingga 4 minggu 
masa penyimpanan, tetapi berkurangan dalam kebanyakan sampel.  
Sebagai tambahan, bebola daging yang mengandungi BSS mempunyai 
kekerasan dan nilai L* yang paling tinggi daripada bebola daging itik kawalan. 
Secara amnya, kebanyakan atribut sensori secara signifikan dipengaruhi oleh bahan 
kandungannya dan penyimpanan beku. Tiada peningkatan yang signifikan dalam 
pertumbuhan bakteria aerob total dalam tempoh 12 minggu penyimpanan  beku. 
Kajian ini menunjukkan bahawa kaedah pelarutan asid atau alkali dapat memperbaiki 
warna, keupayaan memegang air, dan sifat kualiti pemakanan daging itik dan 
mungkin dapat diaplikasikan untuk pembangunan produk daripada BSS, seperti 
bebola daging itik.  
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QUALITY CHARACTERISTICS OF DUCK SURIMI-LIKE MATERIAL 
USING ACID AND ALKALINE SOLUBILIZATION METHODS  
ABSTRACT 
 
The scarcity of surimi raw material has brought about the development of 
new raw material from species other than fish, which is known as surimi-like 
materials (SLM). Spent duck is one of the potential raw materials for SLM. 
Researchers have developed the technology to obtain functional protein isolates from 
dark muscle by solubilizing the muscle proteins in either acid or alkaline conditions. 
The objective of this project was to explore the quality characteristic of duck SLM. 
Acid solubilization recovered duck protein (ACS) and alkaline solubilization 
recovered duck protein (ALS) had significantly higher protein and lower fat contents 
(P < 0.05) than untreated duck meat and conventionally recovered duck protein 
(CON). The ACS process yielded the highest (P < 0.05) protein recovery. The ALS 
process generated the highest lipid reduction (P < 0.05). CON had the highest  (P < 
0.05) gel strength, salt extractable protein (SEP), water holding capacity (WHC), 
Ca2+-ATPase activity and most texture profile analysis (TPA) attributes. ACS and 
ALS gels had significantly higher (P < 0.05) whiteness values than untreated duck 
meat and CON gels. ACS and CON had significantly higher (P < 0.05) myoglobin 
removal than ALS and untreated duck meat. Untreated had the highest total 
Sulfhydryl (SH) group content. ACS and ALS had significantly higher (P < 0.05) 
indispensable amino acids (IAA) content among all samples. Sodium Dodecyl 
Sulfate - Polyacrylamide Gel Electrophoresis (SDS-PAGE) analysis showed that 
CON had the largest content of myosin heavy chain (MHC). Saturated fatty acid 
(SFA) composition of CON were significantly higher (P < 0.05) than that of ACS or 
xvi 
 
ALS. This result is in contrast with poly unsaturated fatty acids (PUFA) composition. 
ACS had significantly higher (P < 0.05) content of Fe, Na, Ca and Mg than that of 
ALS.  
The physicochemical and sensory properties changes of duck meatball 
containing duck SLM during frozen storage were observed. The TBARS values of 
ACM and ALM samples increased as the storage time increased up to week 8 (P < 
0.05) while sample DMM and COM increased up to week 4, but thereafter it 
decreased in almost all of the samples. In addition, meatball containing surimi-like 
material had higher hardness and L* values than that of control duck meatball. 
Generally, most sensory attributes were significantly affected by both ingredient and 
frozen storage. No significant increase in growth of total aerobic bacteria occurred 
during 12 weeks frozen storage. This study showed that acid-alkaline solubilization 
methods improved color, WHC and nutritional quality properties of duck meat and 
potentially can be applied for product development of surimi-like material such as 
duck meatball.   
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CHAPTER 1. 
INTRODUCTION 
 
1.1 Background 
Surimi is defined as a wet protein concentrate made of fish muscle that is 
obtained from mechanically deboned fish flesh that is processed through mincing, 
washing, mixing with cryoprotectant, and freezing (Okada, 1992). Fish species 
commonly used for surimi include Alaska pollock (Theragra chalcogramma), 
Pacific whiting (Merluccius productus), arrowtooth flounder (Atheresthes stomias), 
blue whiting (Micromesistius australis), bigeye snapper (Priacanthus spp.), threadfin 
bream (Nemipterus spp.), lizardfish (Saurida spp.), and croakers (Pennahia and 
Johnius spp.) (Guenneugues and Morrissey, 2005). Alaska pollock is the primary 
source of raw material for surimi, but availability of this fish is dwindling. Thus, 
there is increased interest in discovering new sources for surimi, and the potential for 
using raw material from fish and other animals are being investigated 
(Antonomanolaki et al., 1999). When obtained from other types of muscle (i.e., not 
fish), the protein concentrate is known as surimi-like material (SLM). 
Duck meat is a potential source of surimi-like material. It is the third most 
widely produced poultry product in the world, after chicken and turkey. About 
3,814,530 tons of duck meats were produced worldwide in 2009 (FAO, 2011a). 
Malaysia produced 107,900 tons of duck meat in 2009, making it the third highest 
producer after China and France (FAO, 2011a). The duck population in Malaysia 
increased approximately 154% between 1996 and 2004 (Department of Veterinary 
Services Malaysia, 2009). Spent ducks (Anatidae family) are an underutilized 
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potential source of poultry meat. These ducks have outlived their productive lives but 
may be used in processed products (Nowsad et al., 2000). 
Duck meat is high in fat content and dark meat present major obstacles to its 
use as a raw material for SLM, researchers have developed the technology to obtain 
functional protein isolates from dark muscle by solubilizing the muscle proteins in 
either acid or alkaline conditions, then centrifuging and precipitating the protein 
(Hultin et al., 2005). However, many studies (Undeland et al., 2002; James and 
DeWitt, 2004; Kristinsson and Liang, 2006; Rawdkuen et al., 2009) reported greater 
decreases in the lipid content of alkaline and/or acid-solubilized meats compared 
with conventionally processed surimi or surimi-like material. Chaijan et al. (2006) 
reported that compared with the conventional process, alkaline solubilization may 
provide a higher whiteness value for sardine (Sardinella gibbosa) species and a 
significantly lower myoglobin content for both sardine and mackerel (Rastrelliger 
kanagurta) species. James and DeWitt (2004) found that acid solubilization 
isoelectric precipitation increased the L* value (lightness) and reduced a* value 
(redness) of beef heart compared to beef heart treated by conventional means. 
Acid and alkaline solubilization/isoelectric precipitation efficiently recover 
nutritious proteins from sources that are difficult to process using conventional 
technology. The high efficiency and recovery rate possible with this process may 
yield proteins with increased functionality and oxidative stability compared with 
those recovered using conventional technology (Kelleher and Hultin, 2000; Gehring 
et al., 2009). Thus, isoelectric solubilization/precipitation may provide an efficient 
way to better process underutilized protein resources.  
Previous studies on the production of SLM through acid/alkaline 
solubilization have used raw materials such as chicken breast (Kelleher and Hultin, 
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2000), mechanically deboned turkey (Liang and Hultin, 2003), beef heart and low 
value pork (James and DeWitt, 2003; 2004), krill (Euphausiacea order) (Gigliotti et 
al., 2008), and jumbo squid (Dosidicus gigas) (Palafox et al., 2009). However, little 
is known about SLM obtained through acid and alkaline solubilization of duck meat. 
Therefore, further researches about the quality characteristic of duck SLM produced 
by conventional (CON), acid solubilization (ACS), and alkaline solubilization (ALS) 
processes are necessary. 
 
1.2 Objective 
The main objective of this research is to explore the quality characteristic of 
duck SLM using acid and alkaline solubilization. The specific objectives are: 
1.2.1 To determine the effect of acid solubilization on physicochemical and 
nutritional properties of duck SLM. 
1.2.2 To determine the effect of alkaline solubilization on physicochemical and 
nutritional properties of duck SLM. 
1.2.3 To determine the effect of the incorporation of duck SLM on duck meatball 
quality characteristic during storage. 
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CHAPTER 2. 
LITERATURE REVIEW 
 
2.1 Surimi 
  Surimi is stabilized myofibrillar protein obtained from mechanically deboned 
fish flesh that is washed with water and blended with cryoprotectant. In general, 
surimi is processed through mincing, washing, mixing with cryoprotectant, and 
freezing (Park, 2005). There are several types of fish that are commonly used as 
surimi raw material. They are Alaska pollock, Pacific whiting, arrowtooth flounder, 
blue whiting, mackerel, menhaden, bigeye snapper, threadfin bream, lizardfish, 
croaker, and tilapia. (Benjakul et al., 2004; Guenneugues and Morrissey, 2005; 
Perez-Mateos and Lanier, 2006; Rawdkuen, et al., 2009; Campo-Deano and Tovar, 
2009).  
 Surimi is served as a potential raw material for a variety of products such as 
imitation crab meat, kamaboko, flavored kamaboko, chikuwa, satsumi-age / tenpura, 
hanpen, and fish sausage. Surimi becomes increasingly popular due to its unique 
textural properties as well as high nutritional value (Park, 2005; Jin et al., 2009). 
Therefore, it has become the intermediate material for surimi based product (Zhou et 
al., 2006). Surimi has long been an important food ingredient in Japan, and nowadays 
surimi based products are also preferred in many other countries and many studies 
have been carried out on the process of surimi (Trondsen, 1998; Park, 2005; 
Phatcharat et al., 2006; Venugopal, 2006; Catarci, 2007; Jin et al., 2007). 
 Surimi posses some important functional properties such as gel forming 
ability and water holding capacity (WHC) due to its content of myofibrillar protein 
that plays the most critical role during meat processing. They are responsible for 
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formation of gel and emulsions, which is essential to the stabilization of comminuted 
and restructured meat products (Xiong, 1997a; Zhou et al., 2006). The 
physicochemical state of myofibrillar proteins affects the functionality of meat 
system and plays a direct role in determining the quality and value of processed meat 
(Li and Wick, 2001). Some functional properties of protein can be seen in Table 2.1.  
Table 2.1. Functional properties requirement of surimi and factors affecting 
No. Functional 
properties 
Mechanism Factors affecting 
1 Gelation 
(Park, 
2005) 
During heating of salted 
surimi pastes, the protein 
unfold, exposing the 
reactive surfaces of 
neighboring protein 
molecules, which then 
interact to form 
intermolecular bonds. 
When sufficient bonding 
occurs, a three dimensional 
network is formed, 
resulting in a gel 
 
1. Extent of denaturation and 
premature aggregation of the 
myofibrillar proteins  before 
manufacturing  
2. Species and habitat of raw material  
which determine the heat stability of 
the myofibrillar protein       
3. Activity of proteolytic enzymes, 
which will cleave proteins and 
disrupt the gel 
4. Activity of endogenous or added 
protein oxidant, as well as cross 
linking enzymes, which contribute 
to protein cross-linking 
5. Relative concentration of 
myofibrillar vs sarcoplasmic and / 
or stroma protein 
 
2 Water 
holding 
capacity 
 (Zayas, 
1997) 
Water bounded by protein 
through interactions 
between molecules of water 
and hydrophilic groups of 
the protein side chains 
occurs via hydrogen 
bonding 
1. Protein concentration 
2. pH 
3. Ionic strength 
4. Temperature 
5. Presence of other food components 
6.  Lipids and salt 
7. Rate and length of heat treatment 
8. Condition of storage 
  
3 Emulsificat
ion (Smith, 
2001)   
The protein film is 
comprised of solubilized 
and extracted myofibrillar 
proteins. During 
emulsification, the 
solubilized and extracted 
proteins must diffuse to the 
surface of the oil droplets 
and then adsorb onto the 
surface of the droplet 
1. Temperature 
2. Sufficient energy input 
3. Undenatured/denatured protein 
4. Sufficient protein concentration 
5. Sufficient quantity of extractable 
protein 
6. Droplets surface area 
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   Many researchers have attempted to study surimi functional properties and 
factors that can affect to its functional properties. Factors affecting surimi functional 
properties may affect surimi manufacturing process, such as during washing 
treatments, cryoprotectants and phosphates addition and frozen storage.  
 One of the important criteria in the evaluation of surimi quality is gel 
formation. The multiple washing cycles in surimi processing is aimed at obtaining a 
high concentration of the salt soluble protein and also a bland color, which can mix 
well with other ingredients to produce value added products (Babji et al., 1995). 
 Advanced washing process and surimi production such as solubilization on 
acid-alkaline is widely studied. Campo-Deano et al. (2009) reported that washing 
method with an acid solution (H3PO4) preserved the functionality of the myofibrillar 
proteins better than washing method based on protein precipitation at the isoelectric 
point.  
 A study was conducted on the biochemical and gel properties of tilapia surimi 
using conventional washing method and protein was isolated using alkaline-acid-
aided processes. Higher protein yield and greater lipid and pigment reductions of 
tilapia muscle were achieved with the acid-alkaline-aided process than with the 
conventional washing process. However, conventional surimi showed higher gel 
strength (Rawdkuen et al., 2009).  Meanwhile, according to Perez-Mateos and Lanier 
(2006), alkaline solubilization processing produced the highest gelling quality only in 
one washing step but, it gave poorer color than conventional washed surimi from 
Atlantics menhaden.  
There was also consideration to convert surimi into the dried form, surimi 
powder, to address the lack of freezing facilities which are important in maintaining 
the quality of surimi, generally, in developing countries and also to increase its 
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application possibilities. Huda et al. (2001) investigated the functional properties of 
surimi powder from three Malaysian marine fish and reported that threadfin bream 
was found to be the best source for surimi powder production, followed by purple-
spotted bigeye and lizardfish, respectively. Shaviklo et al. (2010b) reported that 
freeze-dried fish from saithe (Pollachius virens) protein powder containing 
lyoprotectant had superior functional properties and stability compared with spray-
dried sample and both products might be used as functional protein ingredients in 
various food systems. The freeze-dried surimi powder of threadfin bream had 
superior nutritional properties such as protein efficiency ratio (PER), net protein ratio 
(NPR), apparent digestibility and true digestibility compared to oven-dried method 
(Huda et al., 2000). 
Cryoprotectant when is blend with washed minced fish, prevent denaturation 
of muscle protein substantially during frozen storage through the mechanism of 
formation of hydrogen bonding between cryoprotectant with protein side chains to 
increase protein hydration and decrease protein-protein interaction (Xiong, 1997b). 
Commercial cryoprotectant which is commonly used in surimi industry is the 1:1 
mixture of sucrose and sorbitol (Zhou et al., 2006). However, one disadvantage of 
these commercial cryoprotectant used is the high level of sucrose and sorbitol which 
impart a sweet taste that maybe undesirable especially to the western consumer in 
particular (Sultanbawa and Li-Chan, 1998). 
Many studies have been done using other cryoprotectants with reduced or no 
sweetness and calorie content, such as: lactitol, litesse®, trehalose, palatinit, 
polydextrose®, and maltodextrin (Sultanbawa and Li-Chan, 1998; Zhou et al., 2006; 
Carvajal et al., 1999; Sych et al., 1990). Zhou et al., (2006) reported that trehalose 
and sodium lactate at levels of 8 % (w/w) effectively prevented the protein 
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denaturation of tilapia surimi during frozen storage -18 oC for 24 weeks. List of 
researches related to alternative cryoprotectant can be seen in Table 2.2 
Table 2.2 List of research related to alternative cryoprotectant in surimi and their 
main result 
No. Sample Cryoprotectant Main Results Reference 
1. Cod  Lactitol, 
palatinit ®  , 
polydextrose ®, 
sucrose, sorbitol 
Palatinit ®, lactitol, and 
polydextrose ® stabilized 
surimi proteins equally well as 
did the sucrose/sorbitol 
mixture 
 
Sych et al., 
(1990) 
2. Ling 
cod  
Lactitol, litesse 
®, sucrose, 
sorbitol 
Cryoprotectant blend total 
concentrations of 4-12 % were 
all effective in ensuring good 
gel formation during frozen 
storage at -18 oC for 4 months 
 
Sultanbawa 
and Chan 
(1998) 
3. Alaska 
Pollock  
Maltodextrins, 
sucrose, sorbitol 
All maltodextrins with varying 
mean molecular weight (MW) 
indicated good cryoprotection  
at -20 oC isothermal storage, 
but poor cryoprotection by 
higher MW at higher 
isothermal storage 
 
Carvajal et. 
al.(1999) 
4. Bigeye 
snapper  
Phosphate 
compound 
Microstructure study revealed 
that a gel with a fine network 
was formed with addition of 
PP. Therefore, the addition of 
PP in combination with CaCl2 
could increase the gel strength 
and WHC 
 
Julavittaya-
nukul, et. 
al. (2005) 
5. Tilapia  Trehalose, 
sodium lactate, 
sucrose, sorbitol 
1. Trehalose exhibited the 
greatest protective effect on 
protein denaturation, in 
concentration of 8 %, 
trehalose obtained surimi 
with the greatest breaking 
force and deformation 
during frozen storage  
at -18 oC for 24 weeks. 
2. Sodium lactate showed a 
similar cryoprotective 
effect to sucrose/sorbitol 
blend 
Zhou et al. 
(2006) 
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 According to Babji et al. (1995), the supply of surimi raw material is 
decreasing. Alaska pollock, the largest fishery biomass used for surimi, has 
decreased in harvest from over 6.5 million ton in late 1980’s to less than 3 million 
ton since the year 2000 (Guenneugues and Morrissey, 2005). Hence, it is needed to 
look at other economically available resources of protein base raw materials to 
manufacture value added products from the high quality surimi gel. This trend can be 
seen in the FAO fishery report (Figure 2.1).  
 
 
Figure 2.1. Global capture production for Alaska pollock (FAO, 2009) 
 
 
 The scarcity of supply also resulted in the increase of Alaska pollock’s price.  
Hence, the utilization of new species in the production of surimi has increased. 
Utilization other fish than Alaska pollock, for example, Pacific whiting for surimi 
production showed rapid growth in the 1990’s. However, the Pacific whiting has a 
major quality problem where a heat-stable protease enzyme in the muscle tissue 
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causes gel softening. This problem is also found in arrowtooth flounder 
(Guenneugues and Morrissey, 2005).  
 Tropical and pelagic fish are considered as alternative raw material for surimi 
production. Tropical fish which are used in surimi production around Southeast Asia 
are mainly threadfin bream, bigeye snapper, croakers, and lizardfish. There are 
continuing questions, however, in the fisheries management and sustainability of the 
fisheries and industry in these areas. Pelagic fish that have been traditionally used in 
Japan for surimi production is atka mackerel. However, surimi made from this fish 
has a dark color, relatively low gel strength, and a strong “fishy taste” (Guenneugues 
and Morrissey, 2005). 
 
2.2 Surimi-like materials (SLM) 
 The surimi industry is suffering from a lack of resources and it can be 
expected that a new number of new species will be utilized in surimi production 
during the coming years through new technology (Guenneugues and Morrissey, 
2005). Hence, surimi production is not only from fish raw material but also there has 
been considerable interest in manufacturing surimi like materials from species other 
than fish (Antonomanolaki et al., 1999).  
 Other reason for the development of SLM from species other than fish is the 
availability of low value meats and by-products for use in consumer foods (Kenny et 
al., 1999). The characteristic of surimi like materials from beef, beef heart as meat by 
product, pork, sheep meat, giant squid, include from poultry meat product have been 
studied. 
 The study on SLM from beef and pork revealed that gel forming ability and 
WHC of surimi-like pork can be enhanced by the addition of NaCl at 1.5 or 3 % 
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(Park et al., 1996). SLM made from sheep washed by using centrifugation resulted in 
a sharp reduction in the fat content and an increase in lightness, yellow color, water 
content and pH of the mince.  The washed mince produced excellent gels and had 
lower expressible fluid compared to that of the unwashed mince (Antonomonolaki et 
al., 1999). Campo-Deano et al. (2009) reported that SLM made from giant squid 
washed by using an acid solution have better preservation of the functionality of 
myofibrillar protein, thus producing a better gel structure compared to SLM made by 
using protein precipitation method. 
 Beef heart is a meat by product that has limited use in formulated muscle 
foods. Beef heart has been studied related to its chemical and functional properties in 
the making of SLM. Parkington et al. (2000) concluded that modification of beef 
heart surimi functionality can be achieved through different washing processes. 
Parkington et al. (2000) found that the addition of propyl gallate and sodium 
tripolyphosphate inhibited lipid oxidation and increased gel elasticity.  
 The SLM made from poultry (chicken) is widely studied (Yang and Froning, 
1992; Babji and Gna, 1994; Babji et al., 1995; Wang et al., 1997; Nowsad et al., 
2000; Jin et.al., 2009). The processing efficiency and physicochemical properties of 
surimi type materials (beef, poultry (chicken), beef heart, tilapia, etc) study revealed 
that the highest yields belonged to chicken surimi as high as 70.5 % (Babji et al., 
1995). The SLM made from poultry (chicken) also showed the maximum gel 
strength among other materials. From that study it can be seen that poultry has 
potential as low cost protein based raw material with high functionality property 
compared to other types of materials.  
 Studies on SLM showed that SLM can also be processed into functional 
meat. Table 2.3 shows research related to SLM.  
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Table 2.3. Research related to surimi-like material (SLM) and their main results 
No Raw material Main Results 
1. Beef, pork (Park, 
et al., 1996) 
Gel forming ability of beef or pork SLM were enhanced by 
addition of NaCl at 1.5 or 3 % NaCl 
 
2. Beef heart (Wang,  
et al.,1997) 
1. Propyl gallate inhibited lipid oxidation but was ineffective 
against protein changes 
2. After 12 weeks, cryoprotectants promoted lipid and 
protein oxidation in the absence of propyl gallate  
 
3. Beef heart 
(Parkington et al., 
2000) 
1. Addition of propyl gallate and sodium tripolyphosphate 
inhibited lipid oxidation but did not prevent protein 
oxidation. 
2. Gel elasticity increased and emulsifying activity decreased 
for all surimi samples during storage, coinciding with 
myosin degradation 
 
4. Poultry (Chicken) 
(Nowsad et al., 
2000) 
 
1. Gel strength and breaking strength were higher in spent 
hen compared to broiler surimi, while, gel elasticity, 
springiness, and water retention properties were almost 
identical in two surimi 
2. Cryoprotectant increased the gel strength of fresh surimi 
from both hen and broiler. 
 
 
5. Poultry (Chicken)  
(Yang and 
Froning, 1992)     
 
 
 
 
 
1. Washing with tap water, 0.5 % sodium bicarbonate, 
sodium phosphate buffer (pH 7.2 ionic strength 0.1), or 0.1 
M sodium chloride had increase gel strength compared to 
unwashed MDCM and also affected lightness and a slight 
influence on WHC and textural properties.   
2. Scanning electron microscope revealed that the washed 
meat showed a fibrous protein network structure resulting 
from protein gelation. 
 
6. Poultry (Chicken) 
(Babji and Gna, 
1994) 
1. Grinding and three washings reduced the sarcoplasmic 
proteins  
2. Grinding and three washings increased extractable salt 
soluble proteins, pH, and WHC and also the L* and a* 
value but the b* value decreased 
3. Washing produced a desirable gel in both broiler chicken 
and spent hen compared to the original raw meat 
 
7. Poultry (Chicken), 
beef, pork, beef 
by-product (Babji 
et al., 1995) 
1. Chicken surimi has the highest yield of 70.5 %  
2. Washing resulted in the loss of redness in red meat tissue 
with increase in lightness 
3. It is practical to process SLM from low cost raw materials  
 
8. Pork and Poultry 
(Chicken) (Jin et 
al., 2009) 
1. Yield and collagen content was significantly higher in 
pork leg surimi by washing two times than others 
2. Myoglobin content was higher in pork leg surimi 
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Continued Table 2.3   
9. Giant squid 
(Campo-Deano et 
al., 2009) 
1. Washing with an acid solution preserves the functionality 
of the myofibrillar proteins better, thus making for a better 
gel structure than washing with protein precipitation at the 
isoelectric point 
2. In protein precipitation washing surimi, trehalose favoured 
less initial protein aggregation and hence a 
thermorheologically stable structure, with a better gelation 
profile than sorbitol+sucrose or sorbitol+trehalose 
 
10. Sheep 
(Antonomanolaki 
et al., 1999) 
1. The washing method resulted in a sharp reduction of fat 
content and expressible water, but an increase in moisture 
content, lightness, yellowness and pH of the mince 
2. The washed mince was produced excellent gel as 
measured by the folding test, elasticity modulus, and the 
percentage of recovery 
 
11. Mutton 
(McCormick et al., 
1993) 
1. Washing increased moisture and decreased fat and protein 
content in SLM  
 2.   Percentage of 14:0, 16:0, 18:0. And 18:1 fatty acids tended 
to decrease and percentage of polyunsaturated fatty acids 
tended to increase with washing. 
 
 The functional properties of SLM made it suitable as a functional meat. 
However, there are still challenges and also prospects on its development. One of the 
challenges for the improvement of this alternative functional meat is the application 
of the surimi technology in the production of a surimi based product from other 
meats such as poultry could provide a new approach towards increasing its value and 
utilization. Meat consumers and processors can also benefit from the development of 
efficient and economical technology for processing undervalued meat into value 
added meat products that are palatable and reasonable in cost (Jin et al., 2007). 
 To address the scarcity of surimi raw materials, it is important to find other 
new sources. Poultry has prospect as a new source of SLM. Poultry has many 
advantages. It is easy to rear and has a small size so that it can be processed in small 
scale. It is reported that worldwide poultry meat production achieved 97,942,440 
tons in 2010 (FAO, 2011b).  
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 Spent hen/duck that have outlived their productive lives are potential sources 
of poultry meat, at the end of their egg laying cycle (Nowsad et al., 2000). Hence, the 
poultry industry must find economical means in order to find a solution to the 
problem of mortality and litter disposal of spent hens/duck. Spent hens have low 
market value, because spent hen meat has higher collagen content, and is thus not 
well accepted by the consumers (Lee et al., 2003).  
 Babji and Gna (1994) reported that the grinding and washing process of 
broiler and spent hen meat reduced sarcoplasmic protein, but increased salt soluble 
protein, pH and WHC. Washing produced a desirable gel in broiler chicken and spent 
hen SLM compared to the original raw meat (Babji and Gna, 1994). Babji, et al. 
(1995) concluded that it is practical to process SLM such as spent hen, old beef 
animal, Mechanically Deboned Chicken Meat (MDCM) and tilapia into SLM into 
further products. 
 Nowsad et al. (2000) found that gel strength and breaking strength were 
higher in spent hen surimi compared to broiler surimi under similar gelation 
conditions. Gel elasticity, springiness and water retention properties were almost 
identical in both of surimi. Li (2006) concluded that myofibrillar protein from spent 
hen meat may be used to improve the functional properties of whole-muscle meat 
products.  However, the study of poultry surimi like material only focused on 
chicken. There has been limited research concerning the gel properties of SLM made 
from non-chicken poultry meat such as duck, turkey and quail. 
   
2.3 Surimi processing  
As the intermediate product for the production of various products, surimi 
should have the potentiality to provide functional characteristics required by the end 
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products. The most important functional property in those products is the gel-
forming property of surimi. The part of muscle protein which responsible to the gel-
forming ability is myofibrillar protein (Sen, 2005). Thus, any surimi processing 
method should result in concentrated myofibrillar protein. Conventionally, surimi is 
made through water washing process, but alternative surimi processing by 
solubilization in acid-alkaline is widely studied. These processes are normally used 
for fish but also can be applied in other species than fish (SLM processing). 
 
2.3.1 Conventional surimi processing 
Conventional surimi processing subject minced meat to repeated water 
washing which removes water soluble substances that have capacity to reduce gel-
forming capacity of surimi and contain undesirable compounds in order to 
concentrate myofibrillar protein. The washed minced meat then dewatered and 
blended with cryoprotectant and frozen (Sen, 2005). In general, surimi is processed 
through mincing, washing, mixing with cryoprotectant, and freezing (Park, 2005). 
The washing step is conducted with cold water (temperature not to exceed 
10oC) to avoid myofibrillar protein denaturation by heat. The number of washing 
cycle, the ratio between water and minced meat and residence time depend on the 
species, composition and freshness of raw materials (Sen, 2005). Typical 
combination are three washes of 10 minutes contact time (for each wash) and 
water/mince ratios of 4:1 or 3:1 (Hall, 2011). This conventional surimi processing is 
also applied on SLM processing with species other than fish, such as chicken 
(Nowsad et al., 2000; Jin et al., 2009), sheep (Antonomanolaki et al., 1999), Mutton 
(McCormick et al., 1993), pork (Park et al., 1996; Jin et al., 2009) etc. 
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2.3.2 Acid and alkaline solubilization surimi processing 
 Solubilization of the muscle proteins using either acid or alkaline conditions 
followed by centrifugation and precipitation has been developed by researchers to 
obtain functional protein isolates from high fat content muscle (Hultin and Kelleher 
1999; 2000). The overall process is simple. The proteins of the muscle tissue are first 
solubilized. The solubilization can be accomplished in certain volume of water with 
alkali or acid aided. The muscle proteins are then precipitated by adjusting the pH 
near the isoelectric pH (pI) and collected by a process such as centrifugation (Hultin 
et al., 2005). In contrast to other methods, the high g force centrifugation was found 
to substantially reduce the membrane phospholipids while the proteins were 
recovered in high yields and retained their functionality, especially their ability to gel 
(Kelleher and Hultin, 2000). 
 The principle of protein precipitation in isoelectric point (pI) has long been 
used in cheese making and manufacture of soy protein isolates. Following 
acidification of milk to pH 4.6 by the action of rennet and/or lactic acid bacteria, 
casein, the major milk protein, precipitates at its pI (Gehring et al., 2009). This 
proteins recovered via isoelectric solubilization/precipitation can be directly or as the 
main ingredient for restructured human food products similar to surimi (Gehring et 
al., 2009). The mechanism can be seen in Figure 2.2. 
Many studies (Undeland et al., 2002; James and DeWitt, 2004; Kristinsson 
and Liang, 2006; Rawdkuen et al., 2009) reported greater decreases in the lipid 
content of alkaline and/or acid-processed meats compared with conventionally 
processed surimi or SLM. Chaijan et al. (2006) reported that compared with the 
conventional process, alkaline solubilization may provide a higher whiteness value 
for sardine (Sardinella gibbosa) species and significantly lower myoglobin content 
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for both sardine and mackerel (Rastrelliger kanagurta) species. James and DeWitt 
(2004) found that acid solubilization isoelectric precipitation increased the L* value 
(lightness) and reduced the a* value (redness) of beef heart compared to beef heart 
treated by conventional means. 
 
 
Figure 2.2 Protein solubilization in acid or alkaline condition and precipitation at pI 
mechanisms. (Gehring et al., 2009) 
 
Acid or alkaline solubilization/isoelectric precipitation efficiently recover 
nutritious proteins from sources that are difficult to process using conventional 
technology. The high efficiency and recovery rate possible with this process may 
yield proteins with increased functionality and oxidative stability compared with 
those recovered using conventional technology (Kelleher and Hultin, 2000; Gehring 
et al., 2009). Thus, isoelectric solubilization/precipitation may provide an efficient 
way to better process underutilized protein resources.  
Previous studies of the production of SLM through acid/alkaline 
solubilization have used raw materials such as chicken breast (Kelleher and Hultin, 
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2000), mechanically deboned turkey (Liang and Hultin, 2003), beef heart and low 
value pork (James and DeWitt, 2003; 2004), krill (Euphausiacea order) (Gigliotti et 
al., 2008), and jumbo squid (Dosidicus gigas) (Palafox et al., 2009). 
 
2.4 Quality characteristic of surimi/surimi-like material (SLM) 
Surimi-like material, as well as surimi, also required some quality 
characteristics standard. As there are no quality standards for the evaluation of SLM 
both conventionally concentrated and solubilized protein and because of the 
similarity of this product to surimi, the methods which have been described in the 
Codex Code of Practice for frozen surimi (FAO/WHO 2005) developed by the US 
and Japanese governments are used for quality assessment of SLM.  
Some characteristics are more important than others (Shaviklo, 2007). 
Generally, quality assessment of surimi/ SLM includes physicochemical, nutritional 
and sensory properties. 
 
2.4.1 Physicochemical properties 
 Physicochemical properties include physical and chemical properties; 
physical properties: such as gelation properties, color, water holding capacity 
(WHC), expressible moisture (EM), microstructure under scanning electron 
microscopy (SEM).  Meanwhile, chemical properties include myoglobin content, salt 
extractable protein (SEP), ATPase activity, Total sulfhydryl (SH) content, and 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).    
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2.4.1.1 Gelation properties 
Among all properties related to surimi quality there is no doubt that gel 
properties, namely gel strength, is primary interest in surimi production and trade 
(Shaviklo, 2007). According to Suzuki (1981) gel strength is one of criteria for 
deciding the frozen surimi grade of quality. Change in dispersion of protein network 
structure during processing of a surimi gel can be seen in Figure 2.3. 
 
Figure 2.3 Change in dispersion of protein network structure during processing 
of a surimi gel. A: fish flesh; B: surimi paste; C: cooked gel D: set gel (adapted 
from Niwa (1992)) 
 
 
The salt extracted protein in surimi paste, during heating, become unfold, 
exposing the reactive surfaces of neighboring protein molecules, which then interact 
to form intermolecular bonds, when sufficient bonding occurs, a three dimensional 
network is formed, resulting in a gel. Four main types of chemical bonds can link 
proteins: hydrogen bonds, ionic linkages, hydrophobic interactions and covalent 
bonds (Park, 2005).  
Myofibrillar proteins are largely responsible for functionality properties of 
muscle tissue and play an important role in gel formation (Suzuki, 1981). This 
protein consisted of three types of filament which are myosin, actin and regulating 
protein. Myosin consists of two types of myofilaments thick filament (head) and thin 
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filament (rod) (Lanier et al., 2005). Concentration and properties  of myosin which 
binds tightly to actin (actomyosin) contribute most to the heat induced gelation 
properties of surimi and development of desirable gel characteristics in processed 
meat products (Sun and Holley, 2011).  
Jin et al. (2007) studied the effect of muscle type and washing times on 
physico-chemical characteristics and qualities of surimi. The study showed that 
Alaska pollock surimi with two times washing had significantly higher gel strength 
compared with pork leg or chicken breast surimi with two or four times washing.  
The gel networks of myofibrillar protein in surimi/ SLM are affected by 
many factors, such as salt. Park et al. (1996) found that gel hardness of beef or pork 
SLM increased (P < 0.05) with NaCl addition. Type of muscles used as SLM raw 
material, whether spent/old meat or broiler meat, affected the gel and breaking 
strength values. Nowsad et al. (2000) found that breast and thigh muscle of spent hen 
had higher gel strength than broiler SLM with values of 6,230 and 5,020 g.mm, 
respectively.   
Jin et al. (2007) investigated the effect of washing times and muscle type to 
surimi quality. They found that chicken SLM with 2 and 4 washing times had the 
same gel strength values of 1,241 g.mm. Batista et al. (2007) reported the gel 
strength value of surimi and acid-alkaline solubilized protein of sardine which valued 
3,161; 1,529; 3,059 g.mm for surimi, pre-washed acid and alkaline solubilized 
protein, respectively. Liang and Hultin (2003) investigated functional properties of 
alkaline solubilized protein from coarsely and finely mechanically deboned turkey 
with results of gel strength of 8,928 and 7,852 g.mm respectively. The comparisons 
of gel and others properties of some fish surimi or surimi like material are presented 
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in Table 2.4. SLM from various sources may gave higher yield, L* (lightness) value 
improvement, fat reduction, protein increase than that of the raw materials.  
Table 2.4 Comparison of yield, textural properties improvement, L* value 
improvement, fat reduction and protein increase of some fish surimi and surimi-like 
material (SLM) 
Raw material Process Yield (%) 
Textural 
properties 
improvement 
(%) 
L* value 
improvement 
(%) 
Fat 
reduction 
(%) 
Protein 
increase 
(%) 
Spent hen1 Washing NA 36.62 46.17 76.64 17.83 
Broiler1 Washing NA 33.16 32.93 72.57 11.94 
Sheep2 Washing NA 33.1 63.48 74.58 101.14 
HD* mutton3 Washing 42.50 NA NA 95.92 NA 
MD** mutton3 Washing 30.80 NA NA 82.52 NA 
Jumbo squid4 Acid 84.00 NA NA NA NA 
Jumbo squid4 Alkaline 85.00 NA NA NA NA 
Beef heart5 Acid NA NA 2.42 97.98 10.9 
Beef heart5  Washing NA NA 9.26 65.73 3.74 
Tilapia6 Washing 20.54 168.59 35.79 (not gel) 49.39 29.19 
Grass carp6 Washing 19.76 118.76 35.69 (not gel) 87.33 18.92 
*hand deboned **mechanically deboned NA=Not applicable 
1Nowsad et al. (2000); 2Antonomanolaki et al. (1999); 3McCormick et al. (1993);  
4Palafox et al. (2009); 5James and DeWitt (2004); 6Huang et al. (1996) 
  
2.4.1.2 Color  
Color is also one of the major factors responsible for the final acceptance of 
surimi-based products by consumers (Tabilo-Munizaga and Barbosa-Canovas, 2004), 
especially its whiteness due to it is also another primary interest in surimi production 
and trade and surimi grade criterion (Suzuki, 1981; Shaviklo, 2007). Most of the 
surimi/SLM studies measured gel or mince color of surimi/SLM either through 
conventional or acid-alkaline solubilization methods using color spectrophotometer 
such as ling cod surimi (Sultanbawa and Li-Chan, 1998); spent hen and broiler 
surimi  (Nowsad et al., 2000); conventionally and alkaline solubilized sardine and 
mackerel (Chaijan et al., 2006); acid-alkaline solubilized Atlantic menhaden (Perez-
Mateoz and Lanier, 2006); giant squid surimi (Campo-Deano et al., 2009) 
conventionally and acid-alkaline solubilized tilapia (Rawdkuen et al., 2009).  
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Surimi or SLM can be affected by the amount of dark muscle, the presence of 
blood, and the presence of pigment such as melanin (Nolsoe and Undeland, 2009). 
Based on this, the color becomes an issue when processing raw material meat e. g. 
duck meat which is generally right in all of these components. Chaijan et al. (2006) 
reported that compared with the conventional process, alkaline solubilization may 
provide a higher whiteness value for sardine (Sardinella gibbosa) species and 
significantly lower myoglobin content for both sardine and mackerel (Rastrelliger 
kanagurta) species. James and DeWitt (2004) found that acid solubilization 
isoelectric precipitation increased the L* value (lightness) and reduced the a* value 
(redness) of beef heart compared to beef heart treated by conventional means. 
Chicken breast and thigh acid solubilized protein which was studied by 
Kelleher and Hultin (2000) had color parameters values as follow: L* 83.93, 69.02; 
a* -1.85; -0.17; b* 10.57; 12.79 for breast and thigh, respectively. Chicken breast 
represents low fat part of chicken. Meanwhile, thigh represents high fat part of 
chicken. Nowsad et al. (2000) reported the color parameter values of spent hen and 
broiler SLM with prewashing. The L* values were 51.79; 58.82, a* 4.11; 2.11, b* 
11.30; 10.46 for spent hen and broiler raw material, respectively. However, chicken 
is categorized as white muscle. Color parameter of duck SLM possibly differs due to 
the dark color characteristic of duck meat. Jin et al. (2007) reported that chicken 
SLM had color parameters values of 75.23-75.34, 2.45-2.56, 9.03-9.38, 47.08-48.24 
for L*, a*, b* and whiteness values respectively.  L*, a* and b* values of alkaline 
solubilized protein form coarsely and finely mechanically deboned turkey were 55.7-
56.3; 56.9-58.1; 3.4-3.5; 3.1-3.3; 12.7-12.9; 12.1-12.3, respectively (Liang and 
Hultin, 2003). 
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2.4.1.3 Water holding capacity (WHC) and expressible moisture (EM) 
Water holding capacity is an important attribute of muscle protein / surimi/ 
SLM gels as it not only affects the economics of their production but also their 
quality. WHC can be defined as the ability of a protein gel to retain water against a 
gravitational force. The WHC and EM usually reflect the extent of denaturation of 
the protein and water content. The WHC may be measured through EM (Shaviklo, 
2007). Poor gel network may induce low value of WHC and high value of EM, and 
in general, coincidental with the decreased of breaking force (Chaijan et al., 2006). 
Other factors that may influence WHC are pH value and ionic strength (Ingadottir, 
2004; Brewer, 2010).  
Nowsad et al. (2000) reported the EM of spent hen and broiler SLMs were 
36.4 and 35.4 %, respectively. Jin et al. (2007) reported WHC values of chicken 
SLM were of 77.17-77.31 %. The EM values of alkaline solubilized protein form 
coarsely and finely mechanically deboned turkey were around 3 % (Liang and 
Hultin, 2003). Yang and Froning (1992) suggested that the high WHC of surimi or 
SLM was due to the increased myofibrillar protein concentration, which was 
responsible for the high water binding ability in the gel structure. 
 
2.4.1.4 Microstructure of surimi/surimi-like material (SLM)  
The principle of the instrument is the same as light microscopy, but electrons 
have the same function as light in light microscopy. A wide range of usable 
magnifications (~20-100.000 x) is possible. Thus, scanning electron microscopy 
(SEM) is an important magnifying instrument for examining food (Aguilera and 
Stanley, 1999). Electron microscopy can be used to observe actomyosin changes 
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before and during frozen storage. It may show the lost of protein native structure due 
to protein aggregation during frozen storage (Suzuki, 1981). 
Microstructure of surimi contributed to its textural attribute. Texture is one of 
major component in measuring the functional properties of surimi (Kim et al., 2005). 
There are three thermodynamic stages for the formation of fish meat gel, namely 
“suwari,” “modori,” and “kamaboko” with the stages being developed as heating 
proceeds (Suzuki, 1981). Suwari gel is formed when surimi-paste and is let at 
ambient temperature for a certain period of time, a gel with a slightly transparent 
appearance is gradually formed. During this stage water is held by the gel by 
hydrophobic interactions and hydrogen bonds. The stage when the suwari gel 
structure is destroyed when heated to a temperature of about 60 oC, thus a very brittle 
non elastic gel is obtained (setting). When suwari gel is further heated beyond the 
zone of modori temperature, it gets transformed into what is called kamaboko gel 
(Sen, 2005).  
In kamaboko prepared by heating without setting, there is uneven dispersion 
in filament distribution, while that of prepared with a setting pretreatment exhibit a 
more uniform gel matrix with more even filament distribution and thus resulted a gel 
strength nearly 50 % than the former. The uniformity of the protein dispersion in 
kamaboko is clearly affected by the gelling quality of the surimi used in its 
preparation (Sato and Tsuchiya, 1992). 
    
2.4.1.5 Myoglobin content 
Myoglobin molecules, an oblate spheroid is built up from eight connected 
piece of helix. Its principal function is oxygen storage in muscle (Albani, 2004). 
Factors determining the quantity of myoglobin, as one generalization, it is clear that   
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a high level of muscular activity evokes the elaboration of more myoglobin-
reflecting, in this respect, differences due to species, breed, sex, age, type of muscle, 
and training (Lawrie, 1998). 
Duck meat has higher pigmentation from myoglobin, the protein responsible 
for keeping oxygen flowing to muscle cell. Myoglobin gives duck its darker red meat 
color. The fact that duck has a darker color and lots of fat accumulation explains its 
rich flavor (Schneller, 2009). According to Stephenson et al. (1989), myoglobin 
content of tufted duck on its various type of muscle was ranged from 470-710 mg/ 
100 g wet mass. Meanwhile, trained diving tufted duck had myoglobin content on its 
various muscle type were ranged from 740-980 mg/100 g wet mass.  
  
2.4.1.6 Salt extractable protein (SEP) 
As measured by SEP, stability and solubility of surimi during frozen storage 
can be represented (Sych et al., 1990). The decrease in SEP was a primary indicator 
of protein denaturation during frozen storage resulting from the formation of 
hydrogen and/or hydrophobic bonds, as well as disulfide bonds and ionic interactions 
(Sych et al., 1990; Lanier and Lee, 1992; Auh et al., 1999; Batista et al., 2007). This 
denaturation has been defined as a change in the protein, such that it is no longer 
soluble or extractable by salt solutions under conditions in which the native protein is 
soluble or extractable (Cowie and Mackie, 1968). The principal of SEP measurement 
is homogenised in the salt solution. The resulting macerate was then centrifuged and 
the clear solution (supernatant) was analyzed for its protein content. 
Batista et al. (2007) found that the extractability of tilapia muscle protein 
obtained from acid-alkaline solubilization method was less than 20 %. This result 
